Prognosticating the Agricultural Production as the Effect of a Mono-Factorial Determination Generated by Single-Nutrient Fertilizers by SALA, Florin et al.
247 
Bulletin UASVM Agriculture, 67(1)/2010 
Print ISSN 1843-5246; Electronic ISSN 1843-5386 
 
Prognosticating the Agricultural Production as the Effect of a Mono-
Factorial Determination Generated by Single-Nutrient Fertilizers  
 
Florin SALA, Marius BOLDEA, Isidora RADULOV,  
Florin CRISTA, Adina BERBECEA 
 
 Banat University of Agricultural Sciences and Veterinary Medicine from Timisoara,  
Calea Aradului, 119, Timisoara, 300645, Romania 
 
Abstract. Assuming that the production increase 
dx
dy
 is proportional to the saturation 
superdeficit, ( ) ( )22 ayaA −−−  we get the differential equation: 
 
( ) ( )[ ]22 yaaA
aA
b
dx
dy
−−−
−
=  
 
where A is the saturation production, and a is the initial production. The equation above has the 
solution ( )bxthkay ⋅+= 1 , where bxth  is the hyperbolic tangent ofbx . It is possible to generate 
nomograms based on the equation determined. These nomograms can help prognosticate the 
agricultural production for the situations in which people choose to use only nitrogen fertilizers. 
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INTRODUCTION 
 
Nitrogen is a nutritive macroelement with high value for the agricultural production 
(Hera et al. 2001), (Rusu et al. 2002), (Sala 2008).  Unilateral nitrogen fertilization is often 
used for certain crops, (Dumitru 2002). At the same time, there are complex fertilizers with 
nitrogen, phosphorus and potassium (N, P, K) in pre-established doses, which are considered 
as a single fertilizer, but which comprise three nutritive elements. One of the first important 
models that give the mathematical relation between the agricultural production and fertilizers 
is the Mitscherlich function, (Boldea and Anghel 2005), (Anghel and Boldea 2007), (Sala 
2008): 
 ( )bxkeay −−= 1         (1) 
 
where:  
x is the quantity of fertilizer used; 
 y is the agricultural production obtained; 
 a is the maximal (saturation) production. 
 
The function in relation (1) is the solution to the differential equation 
 
( )yab
dx
dy
−=                 (2) 
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meaning that the production increase 
dx
dy
 is proportional to the saturation deficit ya − . 
 
MATERIALS AND METHODS 
 
Below we propose a model that gives the relation between the agricultural production 
and the quantity of fertilizers. This model can help prognosticate the production for the cases 
where a certain fertilization system is used. 
We mark the saturation production with A and the initial production with a. The 
saturation deficit yA −  can also be written ( ) ( )ayaA −−− . We define the saturation 
superdeficit as the expression ( ) ( )22 ayaA −−− . 
We admit that the production increase 
dx
dy
 is proportional to the saturation 
superdeficit: 
 
( ) ( )[ ]22 yaaA
aA
b
dx
dy
−−−
−
=            (3) 
 
where, in order to simplify the calculations, we took the proportionality constant 
aA
b
−
.  
 
When solving the differential equation (3) and replacing A with ( )ka +1 , we obtain the 
solution: 
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which means: 
 
( )bxthkay ⋅+= 1         (4) 
 
Therefore, in the model presented above, the agricultural production in the conditions 
of a monofactorial determination (generated by the fertilization with one type of fertilizer) is 
given by function (4). Constants a, k and b in relation (5) are determined by confrontation 
with the experimental data. 
 
RESULTS AND DISCUSSION 
 
In order to exemplify, we apply the model above to an experience on wheat, Alex 
variety, which was conducted at Timisoara Didactic Station, 2006-2008. The results of the 
experience are presented in Table 1. 
We will use the least squares method, which consists in the following: if xi and Yi are 
the experimental data (in the table), we calculate the sum of the squares of the distances, 
measured on the ordinates, between the value of function yi given by (4) and the experimental 
production Yi, meaning: 
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Tab. 1 
Experimental data regarding wheat production, Alex variety,  
at Timisoara Didactic Station, 2006-2008 
 
N     xi 
PK      Yi 
0 50 100 150 200 
P0K0                              0 2112 2652 3087 3372 3465 
P50K50                   100 2449 3331 3863 4342 4724 
P100K100               200 2769 2667 4395 5154 4962 
P150K150          300 3002 4028 5242 5870 5893 
 
 
but function ( )bkaF ,,  is minimal if: 
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or, after making the calculations: 
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After solving (7) we find the coefficients a, k and b for the cases: P0K0, P50K50, 
P100K100 and P150K150, meaning, Tab. 2: 
 
Tab. 2 
Values of the determined constants 
 
Coefficient 
 
Variant 
a k b 
P0K0 2105.61 0.713 0.00785 
P50K50 2848.14 1.076 0.00590 
P100K100 2732.75 0.938 0.00826 
P150K150 2932.54 1.136 0.00808 
 
We replace in (4) the values found for the coefficients in and we repfresent graphically 
both function (4) and the experimental points in Tab. 1. Thus we obtain Fig. 1 to 4. 
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 The nomograms obtained can help to prognosticate the agricultural production for the 
agricultural production of winter wheat, in relation to the types and doses of fertilizers chosen 
for a particular crop, example in Fig. 4. 
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Fig. 1. Wheat production in relation to nitrogen fertilizers, variant P0K0. 
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Fig. 2. Wheat production in relation to nitrogen fertilizers, variant P50K50. 
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Fig. 3. Wheat production in relation to nitrogen fertilizers, variant P100K100. 
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Fig. 4. Wheat production in relation to nitrogen fertilizer, variant P150K150. 
 
CONCLUSIONS 
 
The present paper presents a new mathematical model of the hyperbolic type. This 
model gives the relation between the agricultural production and the use of certain fertilizers 
(combinations and doses). The coefficients that play a role in the model are determined with 
the least squares method. 
The graphs show that the experimental data are close to the theoretic curves, which 
confirms the mathematical model under study. The nomograms obtained can be used in 
prognosticating the agricultural production in relation to the fertilization system 
(combinations and doses of fertilizers). 
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